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Abstract 
There are no official unemployment rates in the United States for the decades before 1940. This work measures the titles of 
economics papers from 1900 to 2012 on the basis of the retrieved data from the Web of Knowledge. The titles are 
chronologically grouped into 10 datasets and we perform regression models based on vector space model and the US official 
1940s – 2012 unemployment rates by the Bureau of Labor Statistics. We tentatively construct the average unemployment rates 
for the 4 decades before 1940 and compare them with those estimates by other researchers. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Few economic measures are as politically sensitive and widely concerned as the unemployment rate (UR) in the 
United States.  Based on the Current Population Survey (CPS) on a sample of 60,000 households and work of more 
than 2,200 federal interviewers, the official UR is calculated and announced by the Bureau of Labor Statistics (BLS) 
(US Bureau of Labor Statistics, 2013). According to BLS (2013), the survey has been carried out since 1940, though 
some modifications were made in history to better reflect the estimates from the complex economic model. There are 
no official URs for the decades before 1940. There are several versions of 1900-1940 UR estimates by researchers. 
Their estimates were based on economic variables, and the average URs estimated by them are strikingly different 
(see Table 5). This paper does not attempt to count the number of the unemployed or employed in the labor force 
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from the economic perspective, but to measure in a bibliometric way the words used in titles of economics papers 
and estimate the URs for 1900s, 1910s, 1920s, and 1930s.  
Economics is predominately English-language science and the US dominates all other countries in its research 
(Stigler, Stigler & Friedland, 1995). Our approach is based on the assumption that English economics paper titles, 
keywords or paper bodies by economists are indicators of UR situations and economic status in the US. By 
observing relationship between bibliometric indices and announced official economic indicators, it may be possible 
to construct URs for the four decades. This work tentatively calculates the average UR for each of the four decades 
in the US and compares them with the estimates from available sources by other researchers.  
The constructed URs before 1940 provide, in a new way, descriptions of labor market state or economic pictures 
of those years. The method used for our estimation is original. It is measurement of writings that makes the method 
essentially different from those that sample or calculate population in labor force market.  If historical writings or 
titles of economics are available, the method can be used for long-term estimates of the 19th century or even earlier 
times that may be absent in or incomplete with accurate population or labor force statistics. 
2. Data and methods 
The data for this work was retrieved from the huge database - the Web of Knowledge (Wok) (2013). Under 
advanced search tab at Wok, we searched the category Economics in Social Sciences Citation Index (SSCI), in 
English language, and in document type of article. Timespan was from 1900 to 2012. The search date was in 
September, 2013. This returned the records of economics papers in article type indexed in SSCI. Wok only allows 
for a maximum retrieval of 500 records for one request. The final retrieved data for analysis was a total of 337,812 
records from 576 economics sources.  
In these records, Wok only provided fields of keywords (DE) and abstracts (AB) for the papers published after 
1990. The titles (TI) of the economics papers in the retrieved records were all provided completely from 1900 to 
2012. Chronologically, we divided the records into 10 groups, each containing records of 1 decade (the last group 
was from 2000 to 2012).  
For computation of the titles, we built programs to classify and join fields in the records. Three steps were taken 
for pretreatment of the economics titles in the records: 1) elimination of non-alphanumeric characters; 2) removal of 
stop words. We used the stop word list by Lextek (2013); 3) stemming (removal of inflectional affixes or 
morphological endings). We integrated Porter stemming algorithm (2013) into our program for the work. To 
investigate relationship between URs and the titles, we computed similarity measures of the 10 datasets. The 
similarity computation was based on vector space model (VSM) (Salton, 1989; Manning & Schütz, 1999): 
 
 
Where similarity (d i , d j ) represents similarity measure of document i and document j.  )()( ji dVdV x  means the 
inner product of document i and document j vectors. || d i || is the norm of document i vector, || d j || the norm of 
document j vector.  Computed values of term frequency (tf) and inverse document frequency (idf) were entered into 
the VSM for similarity measures. The official US average URs were compared with these measures to observe some 
relationship.  
3. Results and discussion 
Although the sample was only the titles of economics papers rather than their paper bodies or keywords, the 
similarity scores appear to show a certain pattern according to year difference (Table 1).     
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Table 1:  10 dataset similarity measures in ascending order 
 
Document i  Document j Year difference Similarity ( i, j ) 
1900s 2000-2012 100 0.017548608 
1900s 1990s 90 0.017570496 
1900s 1980s 80 0.020005987 
1900s 1970s 70 0.02197318 
1900s 1940s 40 0.026944056 
1900s 1930s 30 0.030065549 
1900s 1960s 60 0.030564331 
1900s 1950s 50 0.031779649 
1900s 1920s 20 0.032887 
1910s 2000-2012 90 0.036636659 
1910s 1990s 80 0.03953448 
1900s 1910s 10 0.0438617 
1910s 1980s 70 0.047049459 
1910s 1970s 60 0.051570456 
1910s 1940s 30 0.05902214 
1910s 1920s 10 0.060368948 
1910s 1930s 20 0.063640592 
1920s 2000-2012 80 0.065059548 
1910s 1960s 50 0.068954661 
1910s 1950s 40 0.069448335 
1920s 1990s 70 0.07317542 
1920s 1980s 60 0.082082112 
1920s 1970s 50 0.0966437 
1920s 1960s 40 0.122988666 
1920s 1950s 30 0.123204456 
1930s 2000-2012 70 0.124664527 
1920s 1940s 20 0.144945184 
1930s 1990s 60 0.146611141 
1940s 2000-2012 60 0.161191502 
1930s 1980s 50 0.176565071 
1940s 1990s 50 0.192933122 
1930s 1970s 40 0.203345234 
1920s 1930s 10 0.204218657 
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1930s 1960s 30 0.235986832 
1930s 1950s 20 0.23632442 
1940s 1980s 40 0.236626046 
1950s 2000-2012 50 0.26408327 
1940s 1970s 30 0.276176699 
1930s 1940s 10 0.306350695 
1940s 1960s 20 0.307961849 
1940s 1950s 10 0.308035329 
1950s 1990s 40 0.322569798 
1950s 1980s 30 0.386663047 
1960s 2000-2012 40 0.394277702 
1950s 1970s 20 0.440821989 
1960s 1990s 30 0.474837797 
1960s 1980s 20 0.572216301 
1970s 2000-2012 30 0.615037081 
1960s 1970s 10 0.662881148 
1950s 1960s 10 0.66599063 
1970s 1990s 20 0.715999429 
1980s 2000-2012 20 0.72068169 
1980s 1990s 10 0.848601851 
1970s 1980s 10 0.877058759 
1990s 2000-2012 10 0.881552794 
 
By intuition, the smaller the year difference, the larger the similarity measures. Topics and titles of economics 
papers are built on or related with current or preceding research or findings. Correlation tests were performed to 
observe the degree of relationship between year difference and similarity. It seems that they are strongly and 
negatively correlated (n=55, Pearson’s r= - 0.595, p < 0.0001; Spearman’s rs= - 0.623, p < 0.0001). In the similarity 
scores that are less than 0.1, year differences of 1900s-1920s, 1900s-1910s, 1910s-1920s and 1910s-1930s are only 
1 or 2 decades, contrasting with other pairs with comparatively large time spans. This might indicate that the four 
decades (1900s-1930s) undergo relatively radical changes in economic situations or economics research that are 
reflected in paper titles. Similarly, in those similarity measures that are larger than 0.5, time spans are small, 
suggesting comparatively lesser or modest degree of novelty. Table 2 shows the top 10 stems in the 6 decades. 
 
Table 2:  Top 10 stems in 6 decades 
 
Rank 1900s 1910s 1920s 1930s 1940s 2000-2012 
1 econom econom industri econom econom market 
2 trade war econom agricultur agricultur model 
3 industri industri agricultur industri polici evid 
4 railwai price price farm war econom 
5 unit unit labour theori industri effect 
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6 theori trade trade price price price 
7 tariff bank farm unit unit polici 
8 valu theori unit land farm analysi 
9 rate tax wage labour social trade 
10 capit rate intern product employ growth 
 
 
We performed linear and non-linear regressions to investigate relationship of URs and similarity measures 
between 1940s and 2000 -2012. It seems that they establish certain relationship in the multiple stepwise linear 
regression (Table 3).  
 
Table 3:  Multiple stepwise linear regression+ 
 
Variable Independent variables PE SE t p 
Similarity( i, j ) Intercept 1.80733 0.70512 2.56 0.0196 
 (URi+URj) -0.33939 0.12284 -2.76 0.0128 
 URi•URj 0.08077 0.02201 3.67 0.0018 
 ANOVA Residual 
 F p R2 Adjusted R2 normality tests 
 23.71 <0.0001 0.7249 0.6943 SW p=0.1969 
 KS p>0.1500 
 AD p=0.2246 
+ p < 0.05 was considered statistically significant. 
Abbreviations: 
PE, parameter estimate; SE, standard error 
Similarity (i,j),similarity measure of document i and document j 
URi, average unemployment rate of decade i 
URj, average unemployment rate of decade j 
 
 
The regression model 
 
Similarity (i, j) = 1.80733 - 0.33939(URi+URj)+ 0.08077 (URi•URj) 
 
is from the average URs and similarity scores between 1940s and 2000-2012. We used this model to construct URs 
for the 4 decades before 1940 (Table 4). 
 
          Table 4: Constructed average unemployment rates for 1900s, 1910s, 1920s, and 1930s 
 
i j Similarity (i, j) URj URi 
1930s 1940s 0.306350695 3.45555556  5.444132284 
1930s 1950s 0.23632442 4.51000000  -1.621877039 
1930s 1960s 0.235986832 4.78000000  1.091034006 
1930s 1970s 0.203345234 6.21000000  3.105135062 
1930s 1980s 0.176565071 7.27000000  3.376003633 
1930s 1990s 0.146611141 5.75000000  2.325491481 
1930s 2000-2012 0.124664527 6.30769231  2.693414883 
1930s    3.005868558 
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1920s 1940s 0.144945184 3.45555556  8.121516478 
1920s 1950s 0.123204456 4.51000000  -6.168006026 
1920s 1960s 0.122988666 4.78000000  -1.329114086 
1920s 1970s 0.0966437 6.21000000  2.447262096 
1920s 1980s 0.082082112 7.27000000  2.994728625 
1920s 1990s 0.07317542 5.75000000  1.738181909 
1920s 2000-2012 0.065059548 6.30769231  2.342967033 
1920s    3.528931228 
1910s 1940s 0.05902214 3.45555556  9.54680238 
1910s 1950s 0.069448335 4.51000000  -8.328387393 
1910s 1960s 0.068954661 4.78000000  -2.486392092 
1910s 1970s 0.051570456 6.21000000  2.169361048 
1910s 1980s 0.047049459 7.27000000  2.853358425 
1910s 1990s 0.03953448 5.75000000  1.4691351 
1910s 2000-2012 0.036636659 6.30769231  2.175854479 
1910s    3.642902286 
1900s 1940s 0.026944056 3.45555556  10.07891157 
1900s 1950s 0.031779649 4.51000000  -9.842237837 
1900s 1960s 0.030564331 4.78000000  -3.308620336 
1900s 1970s 0.02197318 6.21000000  1.986877748 
1900s 1980s 0.020005987 7.27000000  2.744227633 
1900s 1990s 0.017570496 5.75000000  1.293475926 
1900s 2000-2012 0.017548608 6.30769231  2.063626162 
1900s    3.633423808 
i,decade; j, decade 
Similarity (i,j),similarity measure of document i and document j  
URi, average unemployment rate of i 
URj, average unemployment rate of j 
 
BLS has not announced the URs for 1940 and 1941. The average UR for 1940s in Table 4 is the average of URs 
between 1942 and 1949 by BLS Annual Averages (2013). Obviously, there are multiple UR estimates for the same 
decade. For example, 7 estimates for 1900s are computed from the model. Two possible and reasonable estimates 
may be selected from the candidates of the same group: 1) average of all positive URi estimates in the same group 
(average-similarity based). A URi is ignored if it is negative. For example, in the group of 1900s, the estimate is 
3.633423808 (the average of 10.07891157, 1.986877748, 2.744227633, 1.293475926 and 2.063626162); 2) the 
positive estimate that has the largest similarity score (Max-similarity based). In 1900s, 10.07891157 is the selection 
though 0.031779649 is the largest similarity measure. It is not known which one of the two methods is better or 
more suitable or what are other potential methods for selection of accurate estimates. Table 5 shows comparison of 
average URs calculated by BLS and other researchers and those constructed by our model. Obviously, the estimates 
by our model for the 1930s that unusually goes through the Great Depression are criticized. They are much lower 
than those estimated by other researchers though their estimates also display considerable discrepancy. This is a 
limitation of the model that needs to be overcome. It is noted that some URs by other researchers in table 5 are not 
the averages of 10 years but those of 7-10 years. For example, the average UR for 1920s by Meredith Givens is the 
average of 1920 – 1927 as the URs for 1928 and 1929 are not available from the source. 
This work provides a way of establishing relationship between titles of economics papers and economic variable – 
unemployment rate.  If historical data is sufficiently available, estimation can be made for earlier and longer times. 
The future work is to perform model tests that are based on annual or monthly similarity comparison of titles or 
writings by economists, test with the past official annual or monthly URs and forecast future ones. 
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Table 5:  Average unemployment rates for 10 decades 
 
Row As a % of Source 
19- 
00s 
19- 
10s 
19- 
20s 
19- 
30s 
19- 
40s 
19- 
50s 
19- 
60s 
19- 
70s 
19- 
80s 
19- 
90s 
0 Romer 4.61 5.33 5.46 
1  
Meredith 
Givens   7.83        
2  
Paul 
Douglas   12.10        
3  
Daniel 
Carson   10.90        
4  
David 
Weintraub   13.60        
5 Civilian 
labor 
force 
Lebergott-
BLS 4.39 5.05 4.67 18.23       
6 Coen 5.35 16.60 
7 Darby 14.01 
8 Non 
farm 
emplyee
s 
Lebergott-
BLS   7.78 27.59       
9 Coen 8.90 25.19 
10 Darby 21.28 
11 
Civilian 
labor 
force 
BLS     3.46 4.51 4.78 6.21 7.27 5.75 
12  
Max- 
similarity 
based 
10.0
8 9.55 8.12 5.44 1.26 10.30 5.94 6.20 7.94 7.14 
13  
Average- 
similarity 
based 
3.63 3.64 3.53 3.01 2.78 5.27 5.04 6.22 7.07 7.14 
Average URs in row 0 and for 1900s, 1910s, and 1920s in row 5 are from table 9 by Romer (1986). 
Average URs from row 1 to 4, from row 6 to 10, and for 1930s in row 5 are from table 1 by Smiley (1983). 
Average URs in row 11 are from BLS Annual Averages (2013). 
Average UR in Row 1 is based on minimum nonagricultural labor. 
Average UR in Row 2 is based on transportation, coal mining, building & manufacturing. 
Average UR in Row 3 is based on nonfarm wage & salary workers. 
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